Background: Visceral leishmaniasis (VL) patients with HIV co-infection should receive antiretroviral treatment (ART). However, the best timing for initiation of ART is not known. Among such individuals, we assessed the influence of ART timing on VL outcomes.
Introduction
Visceral leishmaniasis (VL), also called kala-azar, is a vector borne protozoan disease caused by Leishmania donovani complex. 1 The disease is found in over 70 countries and is the second largest global parasitic killer after malaria. Six countries (India, Bangladesh, Sudan, South Sudan, Ethiopia and Brazil) account for over 90% of all cases. 2, 3 The East African region is second to the Indian subcontinent in terms of disease burden with annual incidence reaching 30 000 cases. 2, 4 VL in Ethiopia is typified by high HIV co-infection with prevalence ranging between 18 and 48%.
Médecins Sans Frontiéres (MSF) has been running a leishmaniasis treatment program in Northwest Ethiopia since 1997 and an ART program since 2004. 8 Despite the integrated VL and HIV care programs, the VL treatment has remained challenging and generally with poor outcomes. This has raised a number of research questions. Does the timing of ART initiation in HIV positive VL patients have an effect on the outcome of VL treatment as was observed with other opportunistic infections (such as TB)? [14] [15] [16] WHO recommends early initiation of ART in people with advanced clinical disease (including VL as it is a WHO stage 4 defining illness). 17 Early initiation of ART in the context of VL (within 4 weeks of VL diagnosis) means simultaneous use of anti-leishmaniasis drugs and ART. One issue of clinical importance is a possible drug-drug interaction. For example, though miltefosine is expected to be generally safe, the possible interaction with antiretroviral drugs is not completely ruled out. 18 The mild and less common risk of nephrotoxicity associated with liposomal amphotericin b (L-AmB) gets accentuated when used with ART warrants consideration, particularly when it is used with another nephrotoxic drug like tenofovir disopoxil fumarate (TDF) as part of ART. 19 The pill burden is also another consideration that might impact on tolerability and adherence to prescribed treatments. On the other hand delaying ART initiation until after 4 weeks may have increased unfavorable outcomes as a result of increased viral replication and further deterioration.
The question is, therefore, whether early start of ART simultaneously with VL treatment or before VL diagnosis improves treatment outcome, as compared to waiting with ART initiation till after finishing VL treatment. It is also of paramount importance to identify the risk factors associated with unfavorable treatment outcomes in order to target prioritization of care. A PubMed search revealed no study as yet on the influence of ART timing on VL outcomes. Such information would help improve the management of VL patients with HIV infection. Thus, among individuals with VL and co-infected with HIV, we assessed the timing of ART initiation and its influence on VL treatment outcomes as well as factors associated with unfavorable VL treatment outcomes.
Methods Study design and setting
A retrospective cohort study was conducted using routine program data.
General setting
In terms of VL-HIV co-infection, Northwest Ethiopia is the most affected region in the country. This is a fertile region with wide cash crop agricultural areas. The region is also known for high number of migrant workers and settlers to the fertile places coming from highlands. These previously unexposed population groups are at higher risk of acquiring VL and HIV infection. 5 The major treatment centers for VL and HIV co-infection in this region are the University of Gondar Hospital, the Abdurafi Health Center which is run by MSF, and Humera Hospital (run by MSF until 2009).
Specific setting
The study site was the Abdurafi Health Center, which was located in rural Abdurafi town in Northwest Ethiopia. Since 2003, MSF has established a leishmaniasis treatment program within the health center that provides general primary health care. The MSF program also includes HIV testing and an ART program.
VL management in Abdurafi Health Center
VL was managed according to MSF guidelines. 16 VL was suspected when individuals presented with prolonged fever, wasting and enlarged spleen. Diagnostic confirmation was based on a positive rK39 rapid diagnostic test (IT-Leish, BioRad, Hercules, CA, USA). If the rK39 RDT was negative, a second serological test, the direct agglutination test (DAT) (The Royal Tropical Institute, Amsterdam, The Netherlands) was done and a titer result of ≥1:3200 was considered VL. Suspected primary VL patients with rK39 negative and intermediate DAT titer (1:800-1:1600) underwent parasitological diagnosis using tissue aspirate microscopy (spleen or bone marrow). Relapsed VL was diagnosed parasitologically. VL suspected severely ill patients with negative rK39 test result underwent appropriate tissue aspiration immediately, in order not to delay diagnosis.
The treatment regimens of VL for uncomplicated VL in immunocompetent patients in Abdurafi Health Center largely included sodium stibogluconate (SSG) for 30 days and since March 2013 SSG/paramomycin combination for 17 days through intramuscular injections. 20 For severe/complicated and HIV coinfected VL six to eight doses of L-AmB infusion and since 2010 six to eight doses of L-AmB infusion with a combination of oral miltefosine for 28 days were the preferred treatment regimens. The latter two regimens were the preferred first line regimens in HIV co-infection for safety reasons. VL treatment outcome assessment was done by the end of fourth week of treatment. Those who did not get cured (positive parasitological test of cure or persistence of symptoms) were considered as slow responders and continued on a second round of treatment with the same or new treatment regimen until cure was achieved. The definitions and treatment outcomes of VL are shown in Box 1.
All VL patients were admitted and treatment was given under observation. The medicine used, dose given, adverse events, interruptions and adherence were recorded on patient files on a daily basis.
HIV diagnosis and treatment
Counseling and HIV testing were offered to all VL patients using two parallel rapid diagnostic tests. Initially with HIV-Determine, Abbott Diagnostics (Abbott Park, IL, USA) and Uni-Gold™ HIV, Trinity Biotech, Bray, Ireland; in recent years KHB (Shanghai Kehua Bio-engineering Co Ltd, Shanghai, China) and STAT-PAK (Chembio Diagnostics Systems, Medford, NY, USA) were used. Positive tests were confirmed by a confirmatory test (Organics Immunocomb Combfirm). In case of discordance, the test was repeated after 6 weeks.
HIV/AIDS management and ART were offered according to national guidelines. VL was considered a WHO stage 4 (AIDS defining) disease and ART was initiated irrespective of CD4 cell E. M. Aderie et al. count. In 2007, TDF was introduced as one of the first line drugs. Prior to this, zidovudine (AZT) or stavudine (D4T) based regimens were the available first line regimens. Eventually, all patients on D4T were progressively shifted to TDF and AZT based regimens (to avoid long term D4T toxicity) as per WHO guidelines. 17 Before starting ART, trained counselors addressed potential issues of adherence to treatment. After starting treatment, adherence to ART regimens was monitored at each visit in sessions with trained adherence counselors using checklists.
Study population and period
Individuals with VL who were HIV co-infected and started on ART at Abdurafi Health Center, from 2008 to 2015, were included.
Data collection, validation and analysis
A dedicated VL database and an HIV follow-up database, were the sources of data related to the study objectives. The two databases were linked with unique identification numbers. Consistency of data was cross-validated with patient files. The data was entered into the Microsoft Excel 2011 Version 14 (Microsoft Corp., Redmond, WA, USA) and analyzed using STATA 12 (StataCorp, College Station, Texas 77845 USA). Descriptive statistics was used to express results. Measures of risk were estimated and adjusted using log binomial regression. The dependent variable was 'unfavorable treatment outcomes' defined by any of the following outcomes: died, lost-to-follow-up, slow responders, relapse and transfer out. Initial or definitive cure was considered a favorable outcome (Box 1). Effect of ART timing on VL outcomes were stratified into those who started ART before, within or after 4 weeks of diagnosis of VL. The end of the fourth week was the time for initial treatment outcome assessment with the currently existing VL treatment regimens, except for SSG and paromomycin combination for 17 days. If there is no visible parasite on microscopy of tissue aspiration (test of cure) at this assessment, the patient was declared to have initial cure. But if the test of cure showed persistence of parasites, the treatment will be prolonged. The first 4 weeks were, thus, the period of overlap of treatments. A stepwise backward elimination technique was used initially including variables with an initial p-value cut off of 0.2. A p-value of ≤0.05 (95% CI) was considered significant.
Ethics considerations
The study fulfilled the exemption criteria set by the Médecins Sans Frontières Ethics Review Board (MSF ERB; Geneva, Switzerland) for a retrospective analysis of routinely collected data and thus did not require MSF ERB review. It was conducted with permission from Médecins Sans Frontières (Medical Director, Operational Centre, Amsterdam). Approval was also received from the Union Ethics Advisory Group (International Union against Tuberculosis and Lung Disease, Paris, France). The issue of informed patient consent did not apply because the study used anonymized routine data.
Results

Characteristics of the study population
A total of 336 VL-HIV patients were found registered in the study period. Out of these, 217 (64.6%) had a documented ART initiation. One patient did not have date of ART initiation, and Figure 1 shows the number of patients with VL-HIV at the site with ART uptake. This comprised 162 (76.1%) primary, 49 (23.0%) relapse and 2 (0.9%) post kala-azar dermal leishmaniasis individuals. The majority were male (95%) and migrants (45%) with a median age of 31 years. Table 1 shows the timing of ART initiation and the type of ART and VL regimens. The median length of follow-up after VL diagnosis was 70 weeks (IQR 16-212). Out of 124 VL patients who started ART after VL diagnosis, only 46 (37.1%) started ART within the first 4 weeks of VL diagnosis. Median time to starting ART within 4 weeks was 3.1 weeks (IQR 2.3-3.7) while in those who started thereafter was 7.1 weeks (IQR 4.4-10.9). Those who started ART before VL diagnosis were on ART for a median time of 36 weeks (IQR 9-87) by the time they were diagnosed with the current VL. The majority of VL patients (92%) were started on liposomal amphotericin-B with or without miltefosine.
Timing of ART initiation
Outcomes of VL treatment in relation to timing of ART initiations Table 2 shows the baseline socio-demographics and clinical features of VL patients in relation to timing of ART initiation. Of all patients, 45.1% (n=96/213) had moderate to severe malnutrition, 24.9% (n=53) had active TB and 60.1% (n=128) had hemoglobin levels under 9 gms/dl (moderate to severe anemia). Only 62 (29.1%) had CD4 count record 90 days around the time of VL diagnosis (baseline) and of those 41 (66%) had <200 cells/mm 3 . There were no significant differences in characteristics between those who started ART within 4 weeks and those who started ART after 4 weeks. However, patients who had started 
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ART before VL diagnosis differed in their clinical and sociodemographic characteristics. There was a lower proportion of the migrant population, and a higher proportion of relapsed VL patients than the other two groups. Additionally, TDF-based ART regimen was used less frequently in these groups (Table 2) . Of the 213 patients 37 (17.4%) received pentamidine secondary prophylaxis and of these 20 (9.4 %) received it before or within one-year of VL diagnosis. There was no association between the receptions of pentamidine secondary prophylaxis and the timing of ART initiation (OR 0.8; 95% CI 0.4-1.3; p=0.295). Tables 3 and 4 show the initial and the 12 month outcomes of VL patients in relation to timing of ART initiation. Among primary VL patients, initial cure was 78% (n=29/37; 95% CI 65-92%) in those starting ART within 4 weeks and 80% (n=53/66; 95% CI 71-90%) among those starting thereafter. At 12 months, definitive cure was 59% (n=22/37; 95% CI 43-75%) among those starting ART within 4 weeks and 56% (n=37/66; 95% CI 44-68%) among those started ART thereafter. This was not significantly different (RR 1.1; p=0.738).
However, patients who were ART initiated after primary VL diagnosis had less frequent unfavorable initial outcomes than patients who had started ART before the current primary VL episode (RR 0.7; 95% CI: 0.5-0.9; p=0.010). Although there was no significant difference in overall unfavorable outcomes at 12 months between the groups, patients who were initiated after VL diagnosis had significantly lower mortality than patients who were already on ART before current VL diagnosis (RR 0.6; 95% CI 0.4-0.9; p=0.012).
In patients with triple infection including VL, HIV and TB (n=53), definitive cure at 12 months was lower, 42% (CI 28-55%) compared with 56% (95% CI 48-64%) in those with dual infection (VL+HIV, n=159). However, this was not statistically significant (RR 1.3; 95% CI 1.0-1.8; p=0.068). On the other hand, mortality at 12 months was higher in those with triple infection 15 (28%) compared with double infections 22 (14%); (RR=2.0; 95% CI 1.1-3.6; p=0.016).
Among the primary VL patients who started ART within 4 weeks, 1/37 (3%; 95% CI 0-8%) relapsed compared to 12/66 (18%; 95% CI 9-28%), among those who started ART after the fourth week, indicating early initiation of ART was protective of relapse (RR 0.1; p=0.023). However, when those who were on ART before VL diagnosis (n=59) were also compared, there was no difference (RR 1.5; 95% CI 0.9-2.5%; p=0.152).
For VL relapses, outcomes were worse but there were no significant differences associated with the timing of ART initiation (Table 3 and 4) .
Factors associated with unfavorable VL treatment outcomes
There were no significant factors associated with unfavorable outcomes in both the univariate and multivariate analysis of the two groups who were initiated within 4 weeks of VL diagnosis (n=46) and thereafter (n=78).
However, in a stepwise backward elimination of risk factors for unfavorable initial treatment outcomes for all co-infected patients BMI, active TB, severity of illness, enlargement of spleen, admission hemoglobin, and VL treatment regimen qualified for the final model. While admission hemoglobin <9 gm/dL (OR 2.1; 95% CI 1.3-3.2; p=0.001) and lower BMI (OR 1.4; 95% CI 1.0-1.9; p=0.024) increased the odds of unfavorable initial outcome, treatment with L-AmB containing regimen was protective (OR 0.2; 95% CI 0.1-0.4; p=0.000).
A similar stepwise backward elimination of risk factors for unfavorable outcomes by 12 months for all co-infected patients, BMI, jaundice, severity of illness, enlargement of spleen, presence of edema/ascites, and VL treatment regimen qualified for the final model. Lowered BMI was the independent risk factor for unfavorable outcome (OR 1.3; 95% CI 1.0-1.8; p=0.052).
Discussion
This is the first study examining the relationship between timing of ART start and treatment outcomes for VL. It shows that close to half of all patients at baseline were severely ill and timing of ART after VL diagnosis did not influence VL treatment outcomes. E. M. Aderie et al.
When we included patients on ART before the time of primary VL diagnosis, their mortality was significantly higher at the end of VL treatment and by twelve months follow-up periods. Unfavorable outcomes were also more common among VL patients already on ART before the VL disease both by end of initial VL treatment and by 12 months of follow-up especially among the primary VL patients. These findings contradicted what was known about ART benefits because one would expect that patients already on ART have better immunity and therefore better survival. 4, 8 While this is normally not expected; the development of VL while on ART raises the question if it was working. VL is a stage four AIDS defining illness 17 and probably shows that the ART has failed. These patients are at higher risk for other opportunistic conditions, further immunosuppression and death. Unfortunately, we had limited CD4 count records and HIV viral load monitoring in place to substantiate this.
The important differences we observed in socio-demographic and clinical characteristics between ART time groups make interpretations difficult. For example, the higher proportion of loss to follow-up among the migrant population probably hides most mortalities in the later ART initiated groups since they are mostly migrant workers. The lesser proportion of TDF-based (presumably less toxic) ART regimens in those already on ART before VL diagnosis could also explain the higher mortality.
Another possible explanation was the longer time on simultaneous anti-leishmaniais and ART drugs in those who started ART earlier than VL diagnosis leading to increased risk of toxicity.
On the other hand, definitive cure assessed at 12 months (59%) was also unsatisfactory compared with that among immunocompetent patients as seen in other studies (>90%). 22 In addition to the 'double trouble' of having to cope with HIV and VL co-infection, several also had active TB-in effect, these patients were in 'triple trouble'.
The findings are important as they highlight two fundamental operational challenges. First, patients are reaching the treatment facility too late by which time they have advanced disease. Immunological recovery is poor despite ART after profound immunodeficiency and outcome remains poor. Second, VL treatment with the 'best' available drugs for now (L-AmB, with or without miltefosine) is ineffective 12, 23 in achieving an acceptable threshold (in our opinion 90% or over) of definitive cure in Ethiopia. The latter is an 'urgent call' for a new armamentarium of drugs needed to manage VL in Africa. Achieving the newly declared Sustainable Development Goal (SDG) target 24 of eliminating VL as a neglected tropical disease by the year 2030, will only become a reality if we can address these two challenges. Advocacy and funding, coupled with innovative Research and Development is needed to change the current paradigm. The study strengths include selection of one of the largest NGO Transactions of the Royal Society of Tropical Medicine and Hygiene supported VL management sites in Ethiopia which was wellresourced in logistics and supervision; availability of dedicated and comprehensive databases for HIV and VL; and data validation using patient cards. In addition, the subject per se is of national and global public health importance and may influence policy and practice. The main study limitation is the limited cohort of VL patients who were found HIV positive and then placed on ART. On one side, this affects statistical power of the comparisons but on the other side, it is a likely reflection of field-level operational challenges associated with starting VL patients on ART. This thinking is supported by the fact that we ended up with a limited number of patients despite inclusion of 7 years of data from one of the largest VL centers in Ethiopia. A second limitation is that losses to follow-up and transfer outs might include unascertained deaths. The use of co-trimoxazole prophylaxis was not captured in this study.
These limitations notwithstanding, the study has a number of policy and practice implications. First, why are patients severely ill on VL diagnosis? Patients with these two infections have rapid deterioration in their immunity and are further predisposed to a number of other opportunistic conditions. Hurdles in access to diagnosis and treatment may be the other factors to blame. Diagnosis of VL and HIV in co-infected patients is a challenge as the existing first line serological tests have only moderate performance. 25 This complicates the diagnostic algorithms, which may result in delayed diagnosis. The centralized treatment sites and a migratory nature of the population may also add to the problem of access. For example, transport may not be available for patients within large, arid and farmland areas implying that ill patients have to walk to get to the treatment center. Furthermore, even when transport is available, patients may be unable to afford the related costs. Improving the current state of affairs will need access to robust 'point-ofcare' diagnostic tests and multiplying the numbers of accessible treatment centers to improve geographic access. The latter seems logical but will need further reflection on the practicalities. In the meantime, advocacy and increased community awareness raising activities that are already underway (including by MSF) needs to be enhanced.
Second and surprisingly, we did not find any significant differences in VL outcomes in relation to time (within 4 weeks and after 4 weeks) of ART initiation and overall VL outcomes were unsatisfactory. This was contrary to the general expectation based on the impact of ART on VL outcomes reported previously. 12, 23 The fact that mortality at initial and 12 months outcome was higher in patients who had started ART before VL indicate ART and VL related drug-drug interactions may have played a greater role. However, this conclusion is not warranted, because we also observed significant differences in regard to the ART constituents, primary versus relapse VL composition and socio-demographic characteristics between the groups. The severe baseline clinical status of patients may be to blame as this might have negated any added benefit of early ART. In 26, 27 The way forward is to catch patients early. In this regard, tri-dimensional screening seems logical. From a program perspective, this implies that individuals presenting with fever and weight loss (with or without a palpable spleen) and living in VL endemic areas should be screened for HIV, TB and VL. This is all the more justified, since those with triple infection (including TB) had lower proportions of definitive cure than those with dual infections. The potential role of introducing GeneXpert and Urine LAM tests in improving early TB diagnosis is an important operational consideration. 28 While the prevention of TB through use of isoniazid preventive treatment could be of potential importance, implementation can be complicated and this too, needs further reflection. 28 Finally, although limited by small numbers, about one in three individuals with primary VL who started ART after 4 weeks ended up in relapse, which was higher than those starting ART earlier. It may indicate ART related immune benefit in preventing relapse.
13,23
Conclusions
In conclusion, we have highlighted the dire predicament currently faced by VL patients in Ethiopia. ART initiation within 4 weeks of VL diagnosis was protective of relapse among primary VL patients by 12 month follow-up, as compared to later ART initiation. However, initiation of ART before primary VL diagnosis was associated with higher mortalities at end of VL treatment and by 12 month follow-up period, but may have been confounded ART regimen and/or comorbidities. More research on the optimal timing of ART initiation in HIV/VL co-infected patients is needed.
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